A 2-year-old female Miniature Horse that presented with a history of progressive weight loss, depression, and diarrhea was diagnosed at necropsy with a highly malignant abdominal neoplasm involving the left ovary, kidneys, adrenal glands, intestines, and various abdominal and thoracic lymph nodes. Microscopic examination of these masses revealed large pleomorphic cells that stained positive for vimentin and inhibin and negative for epithelial membrane antigen and placental alkaline phosphatase. Ultrastructural examination of the cells revealed a high nucleocytoplasmic ratio and indented euchromatic nuclei with large nucleoli. Based on the gross, microscopic, immunohistochemical, and ultrastructural features, the neoplasm was identified as a malignant granulosa-theca cell tumor, a rare neoplasm in young horses.
Ovarian neoplasms have been divided into 3 categories: surface epithelial tumors, germ cell tumors, and sex cord-gonadostromal tumors. 10 Sex cord-gonadostromal tumors are usually composed of both granulosa and theca cells, hence the term granulosa-theca cell tumor (GTCT). 16 GTCTs are the most common equine ovarian tumor 9, 10 and have no particular breed predilection. 1, 9, 11 They are unique in their capacity to secrete or stimulate the production of a variety of hormones that cause various reproductive and behavioral abnormalities (i.e., stallion-like behavior due to testosterone or nymphomania due to estrogen). 1, 10, 16 There is no definitive diagnostic test for GTCTs in horses, and identification is usually based on the history, rectal examination, serum hormone analysis, and ultrasonographic examination. 2, 7 Surgical removal of the affected ovary is the treatment of choice, 9, 11 as these tumors rarely metastasize. 1, 9, 11 Equine GTCTs often contain cysts and necrohemorrhagic regions and are composed of proliferating, round to ovoid cells that are arranged in follicles and tubules surrounded by spindle-shaped cells. 10 A 98-kg 2-year-old female Miniature Horse with a 2-month history of progressive weight loss, diarrhea, depression, and anorexia was presented to the Michigan State University Veterinary Teaching Hospital. On physical examination, the filly was found to be severely depressed, emaciated (body condition score of 2/9, Henneke scale), febrile (39.0 C, normal ϭ 37.3 C to 38.3 C), tachycardic (84 beats per minute, normal ϭ 28 to 40 beats per minute), and had pale oral mucous membranes. liter/liter, normal ϭ 30-45 ϫ 10 Ϫ2 liter/liter), neutrophilia (13 ϫ 10 9 /liter, normal ϭ 1.94 -7.40 ϫ 10 9 /liter) with a mild left-shift and toxic changes, and mildly elevated fibrinogen (5 g/liter, normal ϭ 1-4 g/liter). Abdominocentesis yielded a serosanguineous, turbid fluid with a total protein concentration of 3.2 g/dl and 35,550 cells/l (98% neutrophils). A tentative diagnosis of peritonitis was made, and treatment was initiated with intravenous antibiotics, nonsteroidal antiinflammatory drugs, and fluids. The filly's condition did not improve, and an ultrasonographic examination of the abdomen was opted for. Numerous variably echogenic masses involving the left kidney and surrounding structures ( Fig. 1 ), multifocal intestinal wallthickening, and moderate amounts of free abdominal fluid were diagnosed ultrasonographically. Based on these findings, a malignant abdominal neoplasm was diagnosed, and because of the unfavorable prognosis, the filly was euthanized.
At necropsy, approximately 1 liter of red fluid and a few fibrin tags were present in the abdominal cavity. A 13 ϫ 10 ϫ 10-cm firm, multilobulated neoplastic mass was found in the region of the left ovary between the left kidney and the left uterine horn (Fig. 2 ). On cut surface, this mass was tan-yellow and contained central regions of caseous necrosis with small spicules of mineralization, numerous cysts filled with clear fluid, and a large dark-red to black necrohemorrhagic area ( Fig. 3 ). The right ovary was small and firm and lacked grossly identifiable follicles. The left kidney was encompassed by a second mass of similar consistency measuring 24 ϫ 13 ϫ 12-cm. A small area of identifiable renal parenchyma occupied approximately 10% of this mass. The mass also included the sublumbar lymph nodes, sublumbar vessels, the left and right adrenal glands, and the caudal pole of the right kidney. Segments of the ileal and rectal walls were transmurally thickened with infiltrating neoplastic tissue, with resultant luminal compromise. Numerous abdominal and thoracic lymph nodes were enlarged and contained metastases. There was no evidence of tumor extension along the peritoneal wall.
Representative sections of tissues were fixed in 10% neutral-buffered formalin and routinely processed for histopathology, immunohistochemistry, and electron microscopy. For immunohistochemical examination, sections of neoplastic ovarian tissue and enlarged lymph node were deparaffinized and rehydrated by routine methods. Antigen retrieval was accomplished by incubation of slides in antigen retrieval solution a in a steamer for 20 minutes. Endogenous peroxidase was blocked for 15 minutes with 3% hydrogen peroxide. Nonspecific immunoglobulin binding was blocked by incubation of slides for 10 minutes with a proteinblocking agent a prior to application of the primary antibody. The latter was allowed to react for 30 minutes at room temperature. Sections were stained in an autostainer apparatus. a The slides were incubated with epithelial membrane antigen a (EMA, dilution 1:50), placental alkaline phosphatase a (PLAP, dilution 1:50), vimentin a (dilution 1:100), and inhibin ␣ b,c (dilution 1:20), ␤a c (dilution 1:100), and ␤b c (dilution 1:100). A streptavidin-immunoperoxidase staining procedure a was used for immunolabeling. The immunoreaction was ''visualized'' with 3,3Ј-diaminobenzidine substrate. a Sections were counterstained with Mayer hematoxylin. Positive immunohistochemical controls included normal equine ovary with active follicles, placenta, and mammary gland, to which the appropriate antisera were added. For negative controls the primary antibodies were replaced with homologous nonimmune sera. For ultrastructural examination, neoplastic ovarian tissue and lymph node with metastases were dehydrated in graded alcohols and embedded in Epon resin by routine methods for transmission electron microscopy. Ultrathin sections were cut and stained with uranyl acetate and lead citrate and examined using an electron microscope. d Microscopic examination of hematoxylin and eosinstained sections of the left ovary, left kidney, various lymph nodes, ileum, and rectum revealed unencapsulated, expansile growing, multilobular, densely cellular proliferations of large neoplastic cells that had invaded and replaced the normal parenchyma. Neoplastic cells were closely packed in a subtle nesting pattern and separated by a fine fibrovascular stroma (Fig. 4) . Individual cells were pleomorphic and had distinct cell borders; scant to abundant, vacuolated, eosinophilic, PAS (Periodic Acid Schiff)-negative cytoplasm; round, eccentric, occasionally indented euchromatic nuclei; and multiple prominent basophilic nucleoli. The overall neoplastic cell population exhibited a marked degree of anisocytosis and karyomegaly. Mitoses ranged from 1 to 4 per 40ϫ field, averaging 1 per 40ϫ field.
Neoplastic cells had also invaded various capillaries, lymphatics, and large vessels. Extensive hemorrhage and necrosis with mineralization was present in multiple areas. The vast majority of neoplastic cells stained positively for vimentin and inhibin (␣, ␤a, and ␤b subunits) ( Fig. 5 ) and were negative for EMA and PLAP.
Ultrastructurally, many cells were poorly preserved. The neoplastic cells had large nuclei with irregular contours and indentations, were euchromatic, and sometimes contained prominent nucleoli (Fig. 6 ). The cytoplasm of some cells contained dilated, rough endoplasmic reticulum, whorled aggregates of filaments, and occasional lipid droplets. On the basis of the gross, microscopic, immunohistochemical, and ultrastructural features, the neoplasm was identified as a malignant granulosa-theca cell tumor.
Granulosa-theca cell tumors more commonly occur in mares that are middle-aged or older and have only rarely been reported in mares younger than 4 years of age. 1, 9, 10 Metastasis is extremely rare for equine GTCTs, and only 2 out of 112 reported GTCTs found in our literature search metastasized. 1, 6, 9, 11 A retrospective analysis of 15,777 equine biopsies and necropsies submitted to the Animal Health Diagnostic Laboratory at Michigan State University between January 1, 1981 and November 1, 2001 revealed 48 diagnosed cases of GTCTs, none of which showed evidence of metastasis or local tissue invasion. There is no characteristic clinical presentation for GTCTs, and a variety of clinical signs may be present, depending on the extent and severity of the disease. The diarrhea seen in this case was most likely the result of neoplastic infiltration causing functional compromise.
Well-differentiated granulosa cells arranged in follicles with secretory globules (Call-Exner bodies) are a characteristic feature of ovarian sex cord-gonadostromal tumors in women, queens, cows, and bitches 10 ; however, no such arrangements were observed in this case. These tumors are a morphologically diverse group of neoplasms, and differentiation of malignant GTCTs (especially with a high degree of cellular anaplasia as in this case) from other invasive tumors involving multiple abdominal organs can be challenging. In horses, differentials for malignant neoplasms that may invade the ovary and/or kidneys include poorly differentiated carcinomas and sarcomas, melanomas, epitheliomas, cystadenomas, adenocarcinomas, hemangiomas, lymphomas, and metastases from organs such as the colon, rectum, or kidney. 9,10 Differentiation of germ cell tumors such as dysgerminomas from malignant GTCTs can also be difficult since dysgerminomas commonly display a wide pattern of differentiation and possess a higher rate of malignancy. 10 In women, definitive diagnosis of ovarian neoplasms of-ten requires the use of immunohistochemistry. Granulosa cell tumors usually stain negative for EMA, negative for PLAP, positive for vimentin, and positive for ␣-inhibin. 15 Inhibin, a peptide produced by granulosa cells, exerts a suppressive action on pituitary folliclestimulating hormone (FSH) secretion. 4 Inhibin mRNA and protein expression has been demonstrated in equine GTCTs 12 , and elevated serum inhibin levels have been found in GTCT-diagnosed mares. 2 The expression of inhibin in equine GTCTs and the corresponding suppression of FSH are most likely responsible for the common observation of contralateral ovarian atrophy and inactivity, which resolves after surgical removal of the tumor. 9, 11, 16 Positive staining for ␣-inhibin appears to be an excellent marker for sex cord differentiation in human ovarian tumors 3, 8, 13, 14 and was recently reported in canine Leydig cell tumors. 17 In women, electron microscopy has also been used to help differentiate ovarian tumors. Typical features of the neoplastic cells in human granulosa cell tumors include large euchromatic indented nuclei with occasional prominent nucleoli, whorls of filaments, dilated endoplasmic reticulum, and occasional lipid vacuoles in the cytoplasm. 5 The ultrastructural features of the neoplastic granulosa cells described in this article are consistent with those reported for granulosa cell tumors in women.
This article describes the diagnosis of a poorly differentiated malignant GTCT in a young horse using electron microscopy and immunohistochemistry on routinely processed tissue sections. Diagnostic panels consisting of inhibin, vimentin, PLAP, and EMA as well as electron microscopic examination can be helpful in the postmortem diagnosis of poorly differentiated ovarian tumors.
